The effects of the changeover from conventional parlour to an automatic milking system (AMS) on behaviour and physiological parameters in dairy cows with and without previous experience in AMS milking were investigated. Heart rate increase was higher in unexperienced cows (UC) than in experienced cows (EC) during the first AMS visit (31 ± 2 and 12 ± 2 beats per min, respectively, P < 0.05). EC entered the automatic milking stall voluntarily without any intervention by the staff. In contrast, in UC the rate of voluntary visits was 4, 26, 40, 49, 63, 72, 76, 89, 91 and 94% during the first 10 d of AMS milking, respectively. Faecal cortisol metabolites were not affected by the changeover. In UC milk ejection was disturbed during the first visits, i. e. mean milk yield at the first milking in the AMS was significantly lower as compared to that in the parlour (67 ± 7%, P < 0.05), whereas milk ejection in EC was not disturbed. The total milk yield of the first 15 milkings differed significantly in UC (87.3 ± 2.4%) and EC (108.8 ± 3.3%) as compared to previous parlour yields (P < 0.05). In conclusion, cows with previous experience to AMS milking did not need a new adaptation period in the AMS after a transient period of parlour milking. In contrast, UC do need an intensive adaptation to the AMS in order to minimise production loss. Data clearly demonstrate that an adequate adaptation is crucial for successful milk production in AMS.
Cattle respond to a changed environment with physiological and behavioural adaptations. Milking in automatic milking systems (AMS) is associated with environmental changes as compared to conventional parlour milking (Hopster et al., 2002; Weiss et al., 2004) . In conventional milking routines the cows are driven to the milking parlour, whereas in AMS the cows enter the milking stall voluntarily.
However, a cow's motivation to get milked seems to be weak and very variable (Prescott et al., 1998) . Therefore several approaches to attract an AMS visit have been intensively studied (Winter and Hillerton, 1995; Ketelaar-de Lauwere et al., 1998; Hermans et al., 2003; Harms and Wendl, 2004) .
Concentrate feeding in the AMS milking box positively reinforces AMS visits. Additionally, forced or selectively forced cow traffic systems with roughage only available after passing the AMS are common (Harms and Wendl, 2004) . In adapted cows these specific changes did not negatively effect the physiological regulation during milking as compared to conventional systems (Hopster et al., 2002) . However, the change from conventional to automatic milking is associated with elevated heart rates and adverse behaviour towards the AMS during the first visits. Furthermore, the milk yield can be reduced due to the changeover (Weiss et al., 2004) . These reactions do not represent a longterm negative effect for cow's welfare.
Dairy cows are able to cope successfully within days to AMS milking. Comparable effects have been demonstrated due to the change from tie stall milking towards parlour milking (Macha et al., 1981) .
There are indications for a remarkable memory potential in cattle (Kovalcik and Kovalcik, 1986) . This indicates that dairy cows recognise a previ-ously known environment even after a longer period being handled elsewhere.
However, the effects of previous experience in being milked automatically on the change from conventional milking to AMS were to the best of our knowledge never intensively studied before. The aim of the present study was to quantify the reactions of dairy cows, with and without previous experience in AMS milking, towards the change from conventional to AMS milking. The hypothesis was tested that the cow-individual reaction differs according to their previous experience.
MATERIAL AND METHODS
Animals and husbandry. Nine cows with and 17 cows without experience to be milked in an AM system were used in the experiment. The experienced cows (EC) were previously milked during one whole lactation in the AMS. EC were dried off and housed during the dry period in a separate barn. After parturition these cows were milked for 36 ± 5 d of their second to sixth lactation in the conventional milking parlour. The unexperienced cows (UC) were never before milked in an AMS. UC were in their first to their fifth lactation, lactational stages varied in UC between 24 and 316 in milk, with an average of 176 ± 15 d. All cows belonged to a herd of 100 Red-Holstein/Simmental crossbreed cows (about 70% of Red-Holstein).
The herd was housed in one single barn under identical feeding and management conditions (for details of the barn layout see Harms and Wendl, 2004) . The diet consisted of maize and grass silage and concentrate according to the individual milk production. A maximum of 12 kg concentrate per day (approximately 50% of the total ratio) was offered in concentrate feeders and the AMS if daily milk yields exceeded 40 kg. Concentrate was omitted when daily milk yields declined below 14 kg. One half of the herd was milked in the AMS VMS (DeLaval, 14721 Tumba, Sweden), the other half in a conventional herringbone milking parlour (DeLaval). Routine milking times in the parlour started at 04.30 and at 15.30. In the AMS cows were milked during their voluntary visits. A selectively forced cow traffic (Harms and Wendl, 2004; Weiss et al., 2004) was applied. The feeding area was separated from the resting area by one-way gates, which allowed free access to the cubicles also without being milked. However, the cows were obliged to pass the AMS before entering the feeding area. A bypass was available for those cows which had recently been milked. Cows had to pass the milking stall if milk yields of more than 7 kg were expected. Additionally concentrate feeding in the AMS milking stall positively reinforced AMS visits. When milking intervals exceeded 12 h the respective cows were manually driven to the AMS.
UC were introduced in two groups in the AMS herd, balanced for age, lactational stage and milk yield, to prevent an overload of the AMS as previously described (Weiss et al., 2004) . The first group of 8 UC was analysed whereas another 30 cows were regularly milked in the AMS. The second group of 9 UC switched to AMS milking in a herd of 38 cows milked in the AMS. The 9 EC changed from parlour to AMS milking whereas additionally 45 cows were milked in the AMS. UC experiments were performed in autumm 2001, whereas EC experiments were performed in winter 2002/2003.
Experimental procedure. UC were trained to the AMS during 3 d, and the first milking was performed 4 d after the start of the training period (Figure 1 ). During the training period UC were kept during daytime in the AMS area and were twice daily manually driven into the AMS stall. They were milked in the parlour twice daily and remained in the parlour herd during the night. After the start of milking in the AMS UC were driven to the AMS after milking intervals exceeded 12 h. EC were moved after the morning milking in the parlour to the AMS area. However, since all EC entered the AMS milking stall voluntarily within 5 h after the changeover to the AMS herd, no training period was applied in EC. Starting at 13.00, EC were manually driven to the AMS milking stall on d 1 to determine teat coordinates in the AMS milking stall.
Except for a period of 24 h on d 3 of the training period in UC the heart rate was recorded continuously in UC and EC throughout the experiment until d 6 of automatic milking (Figure 1 ). Furthermore heart rate was recorded during two successive parlour milkings in EC and UC before the changeover. The heart rate was measured by means of a commercial system developed for horses using electrodes fixed to a special belt around the chest (Polar Horse Tester, Polar Electro GmbH, 64542 Büttelborn, Germany) (Hopster et al., 2002; Weiss et al., 2004) . The heart rate signal was saved as 15-s averages for further analyses.
To determine the cortisol metabolites 11,17-Dioxoandrostanes (DOA) faecal samples were taken In unexperienced cow (UC) a training period of 3 d was applied, whereas in experienced cows (EC) the training period was omitted. In UC the first arrow indicates the start of the training period. UC were driven twice daily to the automatic milking stall but were still milked twice daily in the parlour. The second arrow indicates the start of milking in the AMS, UC remained finally in the automatic milking area. EC were immediately milked in the automatic milking system. Milk recordings, heart rate measurement and faecal sampling were carried out as indicated by the bars
Experienced cows
Unexperienced cows twice daily at 07.00 and 18.00 from the rectum (about 10 g) and were immediately frozen at -20°C until further analyses. The DOA concentrations in the faeces was analysed as previously described by Moestl et al. (2002) .
The milk yield and composition was recorded during parlour milking the last 10 d before the changeover to the AMS and during AMS milking until d 6. To determine milk yield and for milk sampling Lactocorders (Werkzeug-und Maschinenbau Balgach, 9436 Balgach, Switzerland) were used during parlour milkings. In the AMS the installed standard milk meter and sampling device were used (DeLaval MM15). Milk samples were analysed for fat, protein, lactose and somatic cell count (Milko Scan 6000, Foss GmbH, 22769 Hamburg, Germany).
Data processing and statistical analyses. Data are presented as means ± SEM. Statistical significance was set at P < 0.05. Due to the variable milking intervals in AMS, milk yields were handled as production rate per hour. Production rate was calculated as the quotient of the actual milk yield and the corresponding interval from previous milking (Weiss et al., 2002 (Weiss et al., , 2004 . To demonstrate effects of the changeover, milk yields obtained in the AMS were expressed as relative values of mean parlour yields during 10 d prior to AMS training. Likewise the milk constituents during AMS milkings were calculated as relative values of parlour results.
The mean of the lower 30th percentile of the dataset of each individual cow was defined as basal heart rate. The heart rates in the parlour and in the AMS were defined as average heart rate above basal level (HAB) as previously described (Weiss et al., 2004) . Data during the first 2 min after entering the milking stall were analysed.
For statistical evaluation the MIXED procedure of the SAS 8.01 (SAS, 1999) program package was used. The model included the date, the time of the day and the lactation number as random variables. The number of visits, the number of milkings, the lactational stage and the treatment (UC and EC) entered the model as fixed variables. The cow was included into the model as repeated effect using the covariance structure compound symmetry. Significant differences (P < 0.05) were localized by using the least significant difference test.
RESULTS

Behavioural observations
At their first visit during the training period UC had to be pushed manually into the AMS stall. During the second and third visits the number of UC increased which needed only a gentle drive to the AMS stall to make them enter. However, after the third training day all UC were able to enter the *represent significant differences between EC and UC; a, b, c; x, y = means without common superscript letter differ significantly within treatment (EC and UC) (P < 0.05) milking stall without physical forces after they were driven into the waiting area in front of the milking stall. All EC entered the AMS milking stall voluntarily within 5 h when they were moved to the AMS herd after morning milking in the parlour. EC were once manually driven to the AMS stall starting at 13.00 to register the teat coordinates in the AMS stall. Thereafter, EC needed no more to be manually driven to the AMS during the experimental period. The rates of voluntary visits differing for UC and EC are shown in Figure 2 . Except for the voluntary visit of one cow all UC needed to be driven to the AMS on d 1 of milking. Throughout the first 10 d of milking a steadily increasing rate of voluntary visits was observed in EC. The rate of 90% of voluntary visits in UC was achieved not until d 9 of automatic milking.
Heart rate
The basal heart rate varied between 61 beats per min (bpm) and 85 bpm. HAB during the first 10 visits in the AMS milking stall are shown in Figure 3 . HAB during parlour milking was similar in UC and EC. HAB was higher during the first visit of UC in the AMS milking stall than in the parlour and also higher than at the first AMS visit of EC. During the 2nd visit HAB was still elevated in UC as compared to EC, but did not significantly differ from that in the parlour. In UC HAB results of the 5th and 6th visit are missing because heart rate measurements were not performed on d 3 of the training period in UC (Figure 1 ). HAB in EC did not differ between parlour and AMS stall and did not significantly change with number of AMS visits.
HAB results during the first 10 AMS milkings are shown in Figure 4 . Neither an effect of the number of milkings nor an effect of previous experience in AMS milking (UC vs. EC) was observed. Furthermore, HAB during parlour milking was similar to that obtained in the AMS.
11,17-Dioxoandrostane
DOA concentrations during parlour milking and during the first days in AMS are shown in Figure 5 . DOA concentrations did not differ between morning and evening sampling (159 ± 8, 184 ± 8 ng/g in UC and 228 ± 13, 222 ± 12 ng/g in EC for morning and evening sampling throughout the experimental period, respectively). DOA concentrations were significantly higher in EC than in UC during parlour milking and at the 2nd and 4th d after the changeover to AMS. However, the changeover itself 1 Figure 4 . Heart rate above baseline (mean ± SEM, n = 17 UC, 9 EC) during milking in the parlour (MP) and during visits were milking was performed in the automatic milking system. Neither an effect by the treatment (EC vs. EC) was observed nor effects due to the number of milkings
■ unexperienced cows (UC)
□ experienced cows (EC) Number of AMS milkings Heart rate above basal lever (beats per min) Number of AMS visits Heart rate above basal lever (beats per min) had no effect on DOA concentrations, since neither in UC nor in EC the DOA results obtained in the parlor did not differ to any day after the changeover to AMS milking (effect of the day: P = 0.48). Figure  6 presents mean DOA concentrations clustered for three levels of milk yield. DOA concentrations were high in high yielding cows irrespective of their previous experience to automatic milking. DOA concentrations tended to be lower (P < 0.1) in low yielding cows.
Milk yield and composition
The milk yield at the first milking in the AMS was higher in EC (96 ± 2% of that obtained in the parlour) than in UC (67 ± 7% of that obtained in the parlour). Milk yields and composition of the first 15 AMS milkings are presented in Figure 7 . Individual milk yields in UC during the first milking varied between 8% and 96% of previous parlour yields. During 2nd, 3rd and 4th AMS milking milk yields in UC were similar to parlour yields whereas in further milkings milk yields were significantly reduced. Except for the second milking, relative milk yields were significantly higher in EC than in UC throughout the experimental period. Individual milk yields of the first AMS milking in EC varied between 85% and 106%. Milk yield in EC did not significantly differ from parlour yield. However, the milk yield during the first 15 AMS milkings was higher in EC (108 ± 1% of that obtained in the parlour) than in UC (87 ± 1% of that obtained in the parlour). Milk compostion was not significantly affected by the changeover. Relative milk yields during the first 15 AMS milkings are shown in Figure 8 . As indicated relative milk yield during the first 15 AMS milkings did not differ between lactational stages in UC. Relative milk yield was higher in EC than in UC irrespective of the stage of lactation.
However it has to be pointed out that no interaction between the stage of lactation and the relative milk yield after the changeover was observed in UC. The milking interval for the first 15 AMS milkings was shorter in EC (7.8 ± 0.2 h) than in UC (9.8 ± 0.2 h). The milking frequency was therefore 3.07 ± 0.01 milkings per day in EC and 2.45 ± 0.02 milkings per day in UC.
DISCUSSION
In the present study physiological and behavioural effects of the change from conventional to automatic milking were evaluated. The investigated dairy cows varied with respect to their previous experience to milking in the AMS. Management and feeding was identical in both herds, except for the milking system. Furthermore, both herds were housed in two compartments of the same barn. Therefore, the tested animals had to adapt only to the differences in the milking system. Interestingly, EC entered the AMS instantaneously without any human intervention after they were moved to the AMS herd. The rate of voluntary visits on d 1 was reduced, because it is essential to adjust the AMS according to the teat coordinates of the individual Kovalcik and Kovalcik (1986) . UC never entered the AMS voluntarily within the training period. Although one cow entered the AMS voluntarily at the first day of milking, the rate of voluntary visits did not achieve levels of more than 90% until d 9 of AMS milking. The rate of voluntary visits dafter successful adaptation to AMS Days in milk Relative milk yield (%) milking corresponds to previous investigations in adapted cows (Winter and Hillerton, 1995; Ketelaarde Lauwere et al., 1998; Hermans et al., 2003; Harms and Wendl, 2004) . However, it has to be pointed out that this level was not approached until d 9 of AMS milking. Therefore, considering the training period of 3 d, a successful automatic milking, without an excessive use of labour to move the cows, did not take place until d 12 in the AMS.
Heart rate above basal level (HAB) in the individual cow was calculated. This was performed to prevent bias to the close correlation between baseline heart rate and daily milk yield as previously demonstrated (Weiss et al., 2004) . During the first visit to the AMS the elevated HAB in UC indicated a high sympathetic activation. The elevation of heart rate was comparable to results demonstrated by Hopster et al. (1995) after cow-calf separation in dairy cows. Rushen et al. (1999) demonstrated that fear of dairy cows of an aversive handler resulted in a less pronounced heart rate elevation compared to the remarkable effects observed during the first visit to the AMS. However, it has to be considered that already during the second and third visits the HAB was similar to those recorded in the parlour. In agreement to the previously discussed behavioural results, HAB was not elevated in EC during the first AMS visits. The present results are in contrast to observations of Hopster et al. (2002) , where reduced heart rates during AMS milking as compared to parlour milking were observed. This difference might be due to the fact that Hopster et al. (2002) calculated absolute heart rate values in contrast to the present investigation where heart rate was calculated on HAB basis. Furthermore in the present study HAB were calculated as means of the first two min after closing the gate in AMS or after entering the milking stall in the parlour whereas Hopster et al. (2002) , demonstrated the progression during waiting before milking, until the end of milking.
DOA concentrations were not affected by the changeover, whereas Palme et al. (2000) reported a twice to trice fold increase in DOA concentrations as result of transportation in cattle. Obviously, the change to AMS milking did not cause a prolonged activation of the hypothalamic-pituitary-adrenal axis, neither in UC nor in EC. Although an elevation in the sympathetic activation in UC was observed, the change to AMS milking seems to be a minor stressor.
However, the differences in DOA concentrations between UC and EC cannot be explained. The management, the housing, the barn staff and, except for the used charges of feed, the feeding was similar in UC and EC. Furthermore the time of the year was almost similar, since UC were tested in October and November and EC in January. DOA concentrations may be affected by the level of milk production. However, a direct effect of the milk yield on plasma cortisol concentration is unlikely (Schwalm and Tucker, 1978) . With increasing milk yields the fraction of concentrate in the total ration is increased, this might change the formation of microorganisms in cows intestine. Possible this could have been affected faecal DOA concentrations (Moestl et al., 1999) .
Milk constituents were not affected due to the changeover process. Therefore the observed effect of a reduced milk yield in UC and enhanced milk yields in EC are probably due to a local effect in the mammary gland. As detailed discussed in a previous study (Weiss et al., 2004) , the milk ejection in UC was obviously reduced during the first AMS milkings due to a disturbance of milk ejection (Bruckmaier et al., 1992 (Bruckmaier et al., , 1996 Rushen et al., 2001 ). This resulted in additional residual milk in the udder. Milk left in the bovine udder can reduce milk secretion and immediately enhances apoptosis of the mammary secretory tissue by local regulation (Peaker and Wilde, 1996; Stefanon et al., 2002) . Contrary, in case of an increased milking frequency, these local regulations can enhance milk secretion and can enhance proliferation of secretory tissue. Probably the enhanced milk yields in EC were due to the same regulatory background as the reduced milk yields in UC.
CONCLUSION
In conclusion, the change from conventional to automatic milking was remarkably different between dairy cows with and without previous experience. This points at the considerable memory potential of the dairy cow. Even after handling in another environment, experienced cows are immediately able to cope with AMS conditions. However, the change to automatic milking is a challenge for unexperienced cows. Therefore great efforts must be undertaken to minimise negative effects during the first few milkings. Once cows are adapted successfully to automatic milking, the change to AMS seems to be unproblematic.
Data demonstrate clearly the crucial effect of a careful adaptation of cows for the success of milking in the AMS.
